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1. INTRODUCTION 
This document is the second of two reporting on the parameter 
measurements of six vehicles. The previous report was concerned with 
(1) a 1978 Honda Civic, ( 2 )  a 1979 Dodge B-200 van, and ( 3 )  a 1979 
Ford F150 pickup. This document reports on measurements of (1) a 1982 
S-10 Chevrolet pickup truck, ( 2 )  a 1982 C-10 Chevrolet pickup truck, 
and (3) a 1982 F-150 Ford van. The first set of three vehicles was 
purchased by UMTRI and later sent to TTI for crash testing. The three 
vehicles reported on herein were rented by UMTRI, and no further physical 
testing is planned. 
Parameter data to be provided for each of the six vehicles are: 
Total Vehicle Inertial Properties: 
Center of gravity position 
* Three principal moments of inertia 
Unsprung Mass, Front and Rear: 
Weights 
Position on the vehicle 
Suspension Properties, Front and Rear: 
Vertical force deflection characteristics 
including bump stop location 
Shock absorber damping coefficient applicable 
to large-displacement, low-frequency regime 
In the previous report, all parameters for the first three vehicles, 
except shock absorber data, were presented. This report presents all 
parameter data for the second three vehicles, plus shock absorber data 
for all six vehicles. 
Section 2 of this document describes Lile measurement procedure. 
Resulting data are presented tabularly in Section 3. References appear 
in Section 4. 
2. MEASUREMENT PROCEDURES 
2.1 Total Vehicle Inertial Measurements 
Center of Gravity Position. Center of gravity position was measured 
vertically and longitudinally (and assumed to be on the plane of symmetry 
laterally) for each vehicle. For the two heavier vehicles, measurements 
were made using the UMTRI pitch plane inertial measurement facility [I]. 
Shown in Figure 1, this facility is a pendulum-like device. Center of 
gravity position is measured by applying a known torque to the pendulum 
with the vehicle in place and measuring the resulting pitch attitude. 
These data, along with vehicle weight and known properties of the facility, 
are used to calculate the longitudinal and vertical c.g. position of the 
test vehicle. 
In this case, the vehicle was placed on a light, tilt-table structure 
supported by a knife-edge bearing and a vertical filar (see Figure 2). 
Measurements of filar tension at several tilt angles, along with the 
appropriate geometric data, were used to calculate the c.g. height of 
the vehicle via static moment balance analysis. 
C.g. heights are reported "above the ground," but also relative 
to a vertical reference fixed in the sprung mass. Given the variabilities 
associated with tire and suspension deflections, we feel that the second 
reporting method is more reliable. 
Total Vehicle Moment of Inertia. Pitch and roll moments of inertia 
were measured for each vehicle using a compound pendulum measurement 
technique. In this procedure, the vehicle is placed on a pendulum 
supporting device and oscillated freely in the direction of interest. 
The period of oscillation is measured and used, along with vehicle 
weight and c.g. position and the known properties of the device, to 
calculate the moment of inertia of the vehicle. 
In the case of the two heavier vehicles, the pitch plane facility 
was used to determine pitch moments. The roll moments of inertia of 
all these vehicles, plus the pitch moment of the S-10, were measured 




Yaw moment of i n e r t i a  of each veh ic l e  was measured using a  multi- 
f i l a r  pendulum technique. Figure 4 i l l u s t r a t e s  t he  device used i n  each 
case. I n  t h i s  case ,  the  vehic le  i s  o s c i l l a t e d  f r e e l y  i n  yaw and the  
period of o s c i l l a t i o n  i s  measured. Again, using veh ic l e  weight ( t he  
vehic le  i s  or ien ted  on t h e  device with i t s  c.g.  on the  centroid of 
the  f i l a r s )  and known proper t ies  of the  device,  yaw moment of i n e r t i a  
is  ca lcu la ted .  
The r e s u l t s  of a l l  of these  measurements a r e  q u i t e  cons is ten t  
with expectat ions,  based on UMTRI's previous experience i n  i n e r t i a l  
parameter measurement [ I ] .  
2 . 2  Unsprung Masses 
The e f f e c t i v e  unsprung masses were measured by two d i f f e r e n t  methods. 
(1) For the s o l i d  r ea r  ax l e s ,  shock absorbers were removed and the 
connecting b o l t s  between leaf  spr ings  and the sprung mass were removed. 
With the  sprung mass supported on jack s t ands ,  the  unsprung mass was 
then weighed by suspending i t  from a s t r a i n  gauge load c e l l ,  a s  seen 
i n  Figure 5. One leaf  spr ing  was then removed and the  spring and 
shock absorber were weighed separa te ly .  (2) For f r o n t  independent 
suspensions, the suspension spr ing  element and the shock absorbers 
were removed from the  vehic le .  In  t h i s  condi t ion,  the sprung mass was 
supported by an overhead crane, and the e f f e c t i v e  weight of the  unsprung 
mass was measured by determining the t i r e  v e r t i c a l  load using a  balance 
s c a l e  (Figure 6 ) .  The proper r i d e  height  and chass i s  a t t i t u d e s  were 
maintained. The e f f e c t s  of Coulomb f r i c t i o n  were accounted f o r  by making 
t h i s  measurement once following a  rebound s t roke  and once following a  
compression s t roke  and averaging the r e s u l t s .  Spring and shock were 
weighed separa te ly .  
Assuming the unsprung mass c .  g. to  be on the sp indle  a x i s ,  s t r a i g h t -  
forward tape measurements were taken t o  l o c a t e  t he  unsprung masses. 
2 . 3  Suspension Proper t ies  
Suspension Force-Deflection Proper t ies .  Suspension v e r t i c a l  r a t e  




f a c i l i t y  [ 2 ] .  The f a c i l i t y  was modified, however, t o  provide a  v e r t i c a l  
load measurement t ransducer  more appropr ia te  t o  l i g h t  v e h i c l e s .  A t e s t  
setup i s  shown i n  F igure  7 .  
Resul t ing da t a  a r e  presented g raph ica l ly  i n  Sect ion 3 and conta in  
information descr ib ing  v e r t i c a l  wheel r a t e  ( i n  t he  "normal range," a s  
we l l  a s  i n  t he  range of bump s top  c o n t a c t ) ,  r i d e  he igh t ,  and bump stop 
" loca t ion ."  
Shock Absorber P rope r t i e s .  For a l l  s i x  t e s t  v e h i c l e s ,  shock 
absorber  da t a  were obtained from the  veh ic l e  o r  shock absorber 
manufacturer.  
For t h e  t h r e e  veh ic l e s  s e n t  t o  T T I  f o r  c rash  t e s t i n g ,  o r i g i n a l  
shock absorbers  were removed and t h e  app ropr i a t e ,  new, Monroe replace- 
ment shock absorbers  were i n s t a l l e d .  Data descr ib ing  the  performance 
of t hese  shock absorbers  were provided by Monroe Auto Equipment Company. 
For t he  o the r  t h ree  veh ic l e s ,  da t a  descr ib ing  the  performance of 
t he  o r i g i n a l  equipment shock absorbers  were obtained from the v e h i c l e  
manufacturers,  v i z .  , General Motors Corporation and Ford No t o r  Company. 

3. VEHICLE PARAMETERS 
All parameters given herein were gathered with the test vehicles 
in the empty condition. In the case of the S-10 pickup, the fuel 
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1982 Chevrolet S-10 P i c k u ~  
Ef fec t ive  f r o n t  unsprung weight without 
spr ing  o r  shock, one s i d e  
Front spr ing ,  one s i d e  
Front  shock, one s i d e  
Rear unsprung weight complete, with sp r ings ,  
without shocks, one s i d e  
Rear spr ing ,  one s i d e  
Rear shock, one s i d e  
1982 Chevrolet C-10 Pickuu 
Ef fec t ive  f r o n t  unsprung weight without 
spr ing  o r  shock, one s i d e  
Front spr ing ,  one s i d e  
Front  shock, one s i d e  
Rear unsprung weight complete, with spr ings ,  
without shocks 
Rear sp r ing ,  one s i d e  
Rear shock, one s i d e  
1982 Ford F150 Van 
Ef fec t ive  f r o n t  unsprung weight without 
spr ing  o r  shock, one s i d e  
Front  spr ing ,  one s i d e  
Front  shock, one s i d e  
Rear unsprung weight complete, with sp r ings ,  
without shocks 
Rear spr ing ,  one s i d e  
Rear shock, one s i d e  
115 l b .  
10 l b .  
2 l b .  
360 l b .  
38 l b .  
3 l b .  
153 l b .  
15 l b .  
2  l b .  
524 lb .  
53 l b .  
3 l b .  
132 l b .  
1 4  l b .  
2 l b .  
462 l b .  
47 l b .  





















SHOCK ABSORBER PROPERTIES 
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